. 10/5 50318 

JC14Rec'dPeTVPT0 23 SEP 2005. 



I hereby certify that this correspondence is being deposited with the U.S. Postal 
Service with sufficient postage as U.S. Express Mail, Airbill No. EV 456042461 



P.O. Box 1450, Alexandria, Virginia 22313-14^0? 
Dated: September 23, 2005 Signature: L J 


pn t 


fe <ft 


te j 


hown below. 






Juan Quintero) 



Docket No.: 19036/41350 



IN THE UNITED STATES PATENT AND TRADEMARK OFFICE 
APPLICATION FOR UNITED STATES LETTERS PATENT 



Title: 



Sound Wave Guide Structure for Speaker System and Horn Speaker 



Hiroshi Kubota c/o TOA Corporation 

2-1, Minatojimanakamachi 7-chome 
Chuo-ku, Kobe-shi 
Hyogo; 650-0046 
JAPAN 





8 



1 



DESCRIPTION 



SOUND WAVE GUIDE STRUCTURE FOR SPEAKER SYSTEM AND HORN 

SPEAKER 

[Technical Field] 

The present invention relates to a sound wave guide structure for a speaker system 
that is configured to guide a sound wave along predetermined paths to thereby control a 
wavefront of the sound wave emitted from the paths, and a horn speaker in which the sound 
wave guide structure is applied to a throat portion thereof. 

[Background Art] 

Attempts have been made to adjust a path of a sound wave before emitted from an 
outlet opening in a speaker system. For example, in a sound wave guide path formed 
around an internal element provided inside a housing having an outlet opening of a slit shape, 
all shortest paths extending from an inlet opening to the outlet opening are configured to 
have a substantially equal length. Thereby, the sound wave is emitted from the outlet 
opening entirely in isophase to form a wavefront (isophase plane) of a rectangular planar 
shape (see e.g., specification of U.S. Patent No. 5,163,167). 

However, since it is difficult to design the sound wave guide path so that the 
wavefront of the emitted sound wave has shapes other than a rectangle, for example, a 
concave curved plane shape or a convex curved plane shape, and it is necessary to provide 
the internal element, the number of components increases and a manufacturing step becomes 
complicated. Furthermore, such a structure is intricate. 
[Disclosure of the Invention] 
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An object of the present invention is to provide a sound wave guide structure for a 
speaker system that is capable of, using a relatively simple structure, emitting a sound wave 
in isophase by causing substantially all transmission paths of the sound wave to have an 
equal length, and of emitting a sound wave having a wavefront of a concave curved plane 
shape or of a convex curved plane shape, i.e., controlling the wavefront of the emitted sound 
wave as desired and correctly. 

In order to solve the above mentioned problems, a sound wave guide structure for a 
speaker system of the present invention comprises: a sound passage space connecting an 
inlet opening to an outlet opening; the sound passage space being configured to branch in 
plural stages in a range from the inlet opening to the outlet opening to form a plurality of 
sound wave guide paths extending from the inlet opening to the outlet opening. 

In accordance with such a structure, each sound wave guide path extends from the 
inlet opening to the outlet opening while passing through branch points. Since the sound 
wave is transmitted to pass through the respective branch points, transmission paths of the 
sound wave are defined, and hence all the transmission paths of the sound wave can be 
anticipated substantially perfectly. As a result, the wave front of the sound wave can be 
controlled correctly using a simple structure. 

In the sound wave guide structure for a speaker system, the plurality of sound wave 
guide paths may extend in a line shape from the inlet opening to the outlet opening. Since 
the sound wave guide paths extend in a line shape, the sound wave may be assumed to be 
transmitted along center axes of the paths, and therefore, the transmission paths of the sound 
wave can be recognized more correctly. 

In the sound wave guide structure for a speaker system, center axes of the plurality 
of sound wave guide paths may be included in a flat plane, a curved plane or a bent plane. 
By causing the center axes of the sound wave guide paths to be included in the flat plane, the 
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wave sound guide structure for the speaker system can be easily manufactured. By way of 
example, the sound passage space may be formed in such a manner that two components that 
are symmetric with respect to a flat plane which is a joint surface are joined to each other at 
the joint surface. Also, by causing the center axes to be included in the curved plane or the 
bent plane, the sound wave guide structure for the speaker system can be entirely 
small-sized. 

In the sound wave guide structure for a speaker system, the outlet opening may 
have a slit shape, and the sound wave guide path may branch at respective branch points in a 
longitudinal direction of a slit of the outlet opening. 

In the sound wave guide structure for a speaker system, the outlet opening of the 
slit shape may extend in a straight line shape. 

In the sound wave guide structure for a speaker system, the outlet opening of the 
slit shape may extend to be curved in a convex curved line shape. 

In the sound wave guide structure for a speaker system, the outlet opening of the 
slit shape may extend to be curved in a convex circular arc shape. 

In the sound wave guide structure for a speaker system, the outlet opening of the 
slit shape may extend to be curved in a concave curved line shape. 

In the sound wave guide structure for a speaker system, the outlet opening of the 
slit shape may extend to be curved in a concave circular arc shape. 

In the sound wave guide structure for a speaker system, almost all of the plurality of 
sound wave guide paths may have a substantially equal path length. Thereby, the sound 
wave is emitted in isophase from an entire outlet opening. 

In the sound wave guide structure for a speaker system, the sound wave guide path 
having an outlet at a position closer to a center of the outlet opening of the slit shape may 
have a shorter path length. 
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In the sound wave guide structure for a speaker system, the sound wave guide path 
having an outlet at a position closer to a center of the outlet opening of the slit shape may 
have a longer path length. 

In the sound wave guide structure for a speaker system, the path length may be 
defined along a line passing through a middle point in a width direction of the path just after 
the branch point. Thereby, the wavefront of the sound wave emitted from the outlet 
opening can be controlled more precisely. 

In the sound wave guide structure for a speaker system, at least part of at least one 
of the plurality of sound wave guide paths may extend in a curved line shape. Thereby, the 
sound wave guide paths are designed not to include sharply bent regions. 

In the sound wave guide structure for a speaker system, at least part of at least one 
of the plurality of sound wave guide paths may extend in a S shape. Thereby, the sound 
wave guide paths are designed not to include sharply bent regions. 

In the sound wave guide structure for a speaker system, at least one of the plurality 
of sound wave guide paths may have a largest height in an intermediate region between the 
inlet opening and the outlet opening of the sound passage space. Thereby, the sound wave 
guide paths are designed not to include extremely wide regions. 

In the sound wave guide structure for a speaker system, the sound wave guide path 
may have the largest height at the branch point thereof or in the vicinity of the branch point. 
Thereby, the branch points of the sound passage space are designed not to have extremely 
wide regions. 

In the sound wave guide structure for a speaker system, the sound wave guide paths 
may extend from the branch point may merge at a merge point. 

The sound wave guide structure for a speaker system may be applied to a throat 
portion of a horn speaker. 



The above and further objects, features and advantages of the invention will be 
more fully be apparent from the following detailed description with the accompanying 
drawings 

[Brief Description of the Drawings] 

Figs. 1(a), 1(b), and 1(c) are a front view, a right side view, and a plan view of a 
horn speaker in which a sound wave guide structure for a speaker system of the present 
invention is employed in a throat portion thereof; 

Fig. 2 is a longitudinal sectional view of the horn speaker of Fig. 1, as seen from 
obliquely downward; 

Fig. 3 is a cross-sectional view taken in the direction of arrows along line A- A in 

Fig. 1(a); 

Fig. 4(a) is a plan view of the horn speaker configured to include all center axes of 
sound wave guide paths in a curved plane and Fig. 4(b) is a plan view of the horn speaker 
configured to include all center axes of the sound wave guide paths in a bent plane; 

Figs. 5(a) to 5(c) are longitudinal sectional views of the throat portions of the horn 
speakers, Figs. 5(a) to (c) showing various configurations of the sound passage space; 

Fig. 6 is a view showing an example of how the horn speaker according to the 
present invention is used; 

Fig. 7 is a longitudinal sectional view of the horn speaker; 

Figs. 8(a) to 8(c) are schematic views of sound passage space, illustrating examples 
of design methods of the sound passage space; 

Figs. 9(a) to 9(c) are longitudinal sectional views of throat portions having sound 
wave guide structures; 

Figs. 10(a) and 10(b) are schematic views of sound passage space, illustrating 



alternations of the sound passage space shown in Figs. 9(b) and 9(c); 
Fig. 11 is a longitudinal sectional view of the horn speaker; 

Fig. 12 is a longitudinal sectional view of the horn speaker, as seen from obliquely 
downward; 

Figs. 13(a) and 13(b) are views showing one side of a longitudinal section of the 
sound passage space of the horn speaker; and 

Fig. 14 is a view showing a characteristic obtained by measuring directivities of 
three adjacent horn speakers. 

[Best Mode for Carrying Out the Invention] 

Embodiments of the present invention will be described with reference to the 
drawings. First of all, a basic structure of a horn speaker in which a sound wave guide 
structure for a speaker system according to an embodiment of the present invention is 
employed in a throat portion thereof will be described with reference to Figs. 1 through 3. 

Figs. 1(a), 1(b), and 1(c) are a front view, a right side view, and a plan view of a 
horn speaker 1. The horn speaker 1 has a structure that is symmetric in a rightward and 
leftward direction and in an upward and downward direction. The horn speaker 1 is mainly 
comprised of a throat portion 10 and a horn portion 21. The horn speaker 1 of this type is 
used with a driver unit attached thereto and is capable of obtaining a constant directivity over 
a relatively wide frequency range. 

The throat portion 10 is provided with a circular flange 22 at a base end thereof. 
By the flange 22, the drive unit is attached to the throat portion 10. A tip end of the throat 
portion 10 is connected to the base end of the horn portion 21. In the front view of Fig. 1(a), 
a slit of a longitudinally elongate rectangular shape is illustrated in a substantially center 
section. This slit is an outlet opening 12 of the throat portion 10. 
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Fig. 2 is a longitudinal sectional view of the horn speaker 1, as seen from obliquely 
downward. The cross-section of Fig. 2 is a cross-sectional view taken in the direction of 
arrows line A— A in Fig. 1(a). Fig. 3 is a cross-sectional view taken in the direction of 
arrows along line A - A in Fig. 1(a). It shall be appreciated that in Fig. 3, a tip end portion 
of the horn portion 21 that should be illustrated on the left side of the Fig. 3 is omitted. 

As can be seen from Figs. 2 and 3, the flange 22 is provided at the base end of the 
throat portion 10. An inlet opening 11 is formed on the flange 22. The outlet opening 12 
of a slit shape is provided at the tip end of the throat portion 10, and the throat portion 10 is 
connected to the horn portion 21 at the outlet opening 12. And, a sound passage space is 
formed to extend in a range from the base end to the tip end of the throat portion 10. 

The sound passage space includes paths configured to branch in plural stages. 
Each branch path extends in a line shape. The sound passage space entirely has such a 
structure as a branching tree extending to the tip en d. 

The sound passage space branches into two branch paths at the base end (inlet 
opening 11). Each of the two branch paths branches into two branch paths at a substantially 
middle point between the base end and the tip end. Each of these branch paths further 
branches toward the tip end to be connected to the outlet opening 12 of the slit shape at the 
tip end. At the respective branch points, each path branches in a longitudinal direction of 
the outlet opening 12 of the slit shape. 

One path branches into two paths in five stages in the range from the base end to 
the tip end. Thereby, the sound passage space has thirty two outlets tl to t32 at the tip end. 
In other words, there are thirty two paths (sound wave guide paths) in the range from the 
base end to the tip end. 

A center axis LI of the horn speaker 1 conforms to a forward and backward 
direction of the horn speaker 1. The outlet opening 12 at the tip end forms a slit extending 
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in the upward and downward direction as shown in Fig. 3. The thirty two paths (paths 
extending from the inlet opening 11 at the base end to the outlet opening 12 at the tip end) 
include five branch points. 

A first branch point Dl is located at the base end of the throat portion 10. The 
path branches at the branch point Dl to be tilted to form an approximately 30 degrees 
upward and downward with respect to the center axis LI of the horn speaker 1. 

At a second branch point D2 that is located at a substantially middle point between 
the base end and the tip end of the throat portion 10, the path branches to be tilted to form an 
approximately 30 degrees upward and downward with respect to the center axis LI. 

At a third branch point D3 that is located at a substantially middle point between 
the second branch point D2 and the tip end of the throat portion 10, the path branches to be 
tilted to form an approximately 30 degrees upward and downward with respect to the center 
axis LI. 

At a fourth branch point D4 that is located at a substantially middle point between 
the third branch point D3 and the tip end of the throat portion 10, the path branches to be 
tilted to form an approximately 30 degrees upward and downward with respect to the center 
axis LI. 

At a fifth branch point D5 that is located at a substantially middle point between the 
fourth branch point D4 and the tip end of the throat portion 10, the path branches to be tilted 
to form an approximately 30 degrees upward and downward with respect to the center axis 
LI. 

The sound passage space of the throat portion 10 is provided with thirty one branch 
points as a whole, including one first branch point Dl, two second branch points D2, four 
third branch points D3, eight fourth branch points D4, and sixteen fifth branch points D5, 
although only part of them are represented by reference designators in Fig. 3. 
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Since the sound passage space is thus structured, the thirty two paths (sound wave 
guide paths) extending from the inlet opening 11 to outlets tl to t32 have a substantially 
equal path length. Therefore, when the driver unit is attached to the flange 22 and is driven, 
the sound wave is emitted in isophase from the entire outlet opening 12 of the slit shape so as 
to form a planar rectangular wavefront (isophase plane of the sound wave). In Fig. 3, a 
broken line L2 schematically represents the wavefront of the sound wave that has just been 
emitted from the outlet opening 12 (thirty two outlets tl to t32); 

Since the sound passage space has the branch structure, the center axes of the paths 
have a similar branch structure. As can be seen from Figs. 1(a) to 1(c) to 3, the center axes 
of the thirty two paths (sound wave guide paths) are included in a flat plane that is identical 
to a flat plane of Fig. 3. By configuring the sound passage space so that all the center axes 
are included in the flat plane, the throat portion 10 is configured in planar shape, and hence is 
easily manufactured. For example, one horn speaker may be constructed of two 
components of the shape in Fig. 2 which are joined to each other. Because of the use of the 
components having an identical shape, a mold cost can be reduced. Alternatively, rather 
than the entire horn speaker, only the throat portion may be constructed of two components 
having an identical shape which are joined to each other. 

Thus far, the structure of the horn speaker 1 that employs the sound wave guide 
structure according to the embodiment of the present invention in the throat portion 10 has 
been described with reference to Figs. 1 to 3. 

Subsequently, a structure of a horn speaker that employs a configuration of another 
embodiment of the present invention in a throat portion thereof will be described with 
reference to Fig. 4. 

In the horn speaker 1 shown in Figs. 1(a) to 1(c) to 3, all the center axes of the thirty 
two paths (sound wave guide paths) are included in one flat plane. Alternatively, all the 
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center axes of these paths may be included in a curved plane or a bent plane. Fig. 4(a) is a 
plan view of a horn speaker 31 configured to include all the center axes of the sound wave 
guide paths in the curved plane and Fig. 4(b) is a plan view of a horn speaker 32 configured 
to include all the center axes of the sound wave guide paths in the bent plane. In Figs. 4(a) 
and 4(b), broken lines L32 and L34 represent the planes including the center axes of the 
paths. The horn speakers 31 and 32 in Figs. 4(a) and 4(b) are identical in structure to the 
horn speaker 1 of Figs. 1 to 3 except that all the center axes of the paths (sound wave guide 
paths) of the horn speaker 1 are included in the flat plane and all the center axes of the paths 
of the horn speakers 31 and 32 are included in the curved plane and the bent plane. 

As can be seen from Figs. 4(a) and 4(b), by configuring the sound wave guide paths 
so that all the center axes of the paths are included in the curved plane or the bent plane, the 
whole length of the throat portion can be reduced. In particular, by orienting the inlet 
opening 11 of the sound passage space of the throat portion 10 substantially in the same 
direction as that of the outlet opening 12, as illustrated in the horn speakers 31 and 33 of Figs. 
4(a) and 4(b), a driver unit 36 does not protrude backward from the horn speakers 31 and 32. 
This reduces the size of an entire speaker system. 

Thus far, the structures of the horn speakers 31 and 33 that employ the 
configuration of another embodiment of the present invention in the throat portions thereof 
have been described with reference to Figs. 4(a) to 4(c). 

Subsequently, structures of horn speakers 40, 50, and 60 that employ configurations 
of another embodiments of the present invention in throat portions thereof will be described 
with reference to Figs. 5(a) to 5(c). Figs. 5(a) to 5(c) are longitudinal sectional views of the 
throat portions of the horn speakers 40, 50, and 60. 

As in the sound passage space of Fig. 3, the sound passage space formed in the 
throat portion thereof in Fig. 5(a) is configured such that all paths have a substantially equal 
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path length. Specifically, one path branches into two paths at the respective branch points 
Dl, D2, and D3. 

At the first to third branch points Dl, D2, and D3, the path branches to be tilted to 
form an approximately 30 degrees upward and downward with respect to a rightward and 
leftward direction of Fig. 5. This makes it possible that eight paths (paths extending from 
an inlet opening 41 to outlets tl to t8) forming the sound passage space have an equal path 
length. Therefore, the sound wave is emitted in isophase from an entire outlet opening 42 
of a slit shape so as to form a planar rectangular wavefront (isophase plane of the sound 
wave). In Fig. 5(a), a broken line L4 schematically represents the wavefront of the sound 
wave that has just been emitted from the outlet opening 42 (eight outlets tl to t8). Such a 
structure can minimize a directivity angle of the horn speaker 40. 

The sound passage space formed in the throat portion of Fig. 5(b) is configured in 
such a manner that a path having an outlet at a location closer to a center_of an outlet opening 
52 of a slit shape has a shorter length. In other words, the sound passage space is 
configured such that paths extending from the inlet opening 51 to outlets t4 and t5 have a 
shortest length and paths extending from an inlet opening 51 to outlets tl and t8 have a 
longest length. As shown in Fig. 5(b), positions of the second branch points D2 in the 
upward and downward direction substantially conform to positions of the outlets t4 and t5 in 
the upward and downward direction. 

Such a structure of the throat portion causes the wavefront (isophase plane of sound 
wave) at the outlet opening 52 of the slit shape to have a convex curved plane shape. In Fig. 
5(b), a broken line L5 schematically shows the wavefront of the sound wave that has just 
been emitted from the outlet opening 52 (eight outlets tl to t8). 

The sound passage space formed in the throat portion of Fig. 5(c) is configured in 
such a manner that a path having an outlet at a location closer to a center of an outlet opening 
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62 of a slit shape has a longer length. In other words, the sound passage space is configured 
such that paths extending from an inlet opening 61 to outlets t4 and t5 have a longest length 
and paths extending from the inlet opening 61 to outlets tl and t8 have a shortest length. As 
shown in Fig. 5(c), positions of the second branch points D2 in the upward and downward 
directions substantially conform to positions of outlets tl and t8 in the upward and 
downward direction. 

Such a structure of the throat portion causes the wavefront (isophase plane of sound 
wave) at the outlet opening 62 of the slit shape to have a concave curved plane shape. In 
Fig. 5(c), a broken line L6 schematically shows the wavefront of the sound wave that has just 
been emitted from the outlet opening 62 (eight outlets tl to t8). 

As should be appreciated from Figs. 5(a) to 5(c), the wavefront can be controlled to 
have various shapes by varying the structure of the branch paths forming the sound passage 
space. In other words, a curvature of the wavefront or the dire ctivit y angle can be easily 
controlled. 

Thus far, the structures of horn speakers 40, 50, and 60 that employ configurations 
of another embodiments of the present invention in the throat portions thereof have been 
described with reference to Figs. 5(a) to 5(c). 

Subsequently, an example of how the horn speakers that employ the embodiments 
of the present invention in the throat portions thereof will be described with reference to Fig. 
6. Fig. 6 shows an acoustic system in which a plurality of (nine) horn speakers 71 to 79 are 
arranged in a line shape to be adjacent to each other. In this system, some of the plurality of 
horn speakers are arranged in a straight line shape and others are arranged in a curved line 
shape. Horn speakers 71 to 73 and 77 to 79 arranged in the straight line shape are horn 
speakers including the throat portions having the structures of Fig. 5(a). Horn speakers 74 
to 76 arranged in the curved line shape are horn speakers including the throat portions having 
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the structures of Fig. 5(b). 

Conceptually, the sound wave having the wavefront of the flat plane shape is 
emitted from each of the horn speakers 71 to 73 and 77 to 79, while the sound wave having 
the wavefront of the convex curved plane is emitted from each of the horn speakers 74 to 76. 
In the entire acoustic system constructed of the horn speakers 71 to 79, a wavefront that is 
substantially similar to the shape of arrangement configuration of the horn speakers 71 to 79 
is obtained, as indicated by a broken line L7 of Fig. 6. Thereby, phase interference between 
adjacent horn speakers, in particular phase interference in a high frequency band, can be 
avoided. 

Subsequently, a basic structure of a horn speaker 90 which employs a sound wave 
guide structure for a speaker system according to another embodiment of the present 
invention in a throat portion thereof will be described with reference to Fig. 7. Fig. 7 is a 
longitudinal sectional view of the horn speaker 90. In Fig. 7, a tip end portion of a horn 
portion 21 that should be illustrated on the left side of Fig. 7 is omitted. 

The horn speaker 90 is substantially identical in structure to that of the horn speaker 
1 of Figs. 1 to 3 except for a branch configuration of the sound passage space in the throat 
portion 10. 

The branch configuration of the sound passage space of the throat portion 10 of the 
horn speaker 90 is somewhat intricate as compared to the branch configuration of the sound 
passage space of Fig. 3. Specifically, branch points Dll are each formed between the 
branch point Dl and the branch point D2. A merge point D12 is formed at a location where 
the paths extending from the branch points Dll, toward inside of the horn speaker 90, and to 
the branch points D3 merge. These paths merge at the merge point D12 and then further 
branch in two directions. That is, the point D12 is the branch point and the merge point. 

Branch points D13 are each further provided between the branch point D2 and the 
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branch point D3. One of the paths extending from the branch point D13 merges into 
another path at the branch point D3 and the other merges into another path at a branch point 
D4. In other words, two of the four branch points D3, which are located on the inner side, 
are the branch points and the merge points. Also, two of the eight branch points D4 are the 
branch points and the merge points. 

Since the horn speaker 90 is thus constructed, all the paths extending from the inlet 
opening 11 to the outlets tl to t32 while branching and merging have a substantially equal 
path length. Therefore, when the driver unit is attached to the flange 22 and is driven, the 
sound wave is emitted in isophase from the entire outlet opening 12 of the slit shape. 

Subsequently, an example of a design method of the sound passage space will be 
described. Figs. 8(a) to 8(c) are schematic views of sound passage spaces, illustrating 
examples of design methods of the sound passage space. Fig. 8(a) shows the sound passage 
space of the sound wave guide structure in which an outlet opening 112 has a slit shape 
extending in a straight line shape. Fig. 8(b) shows the sound passage space of the sound 
wave guide structure in which an outlet opening 122 has a slit shape extending to be curved 
in a convex curved line shape. Fig. 8(c) shows the sound passage space of the sound wave 
guide structure in which an outlet opening 132 has a slit shape extending to be curved in a 
concave curved line shape. More specifically, the slit of the outlet opening 122 of Fig. 8(b) 
extends to be curved in a convex circular arc shape and the slit of the outlet opening 132 of 
Fig. 8(c) extends to be curved in a concave circular arc shape. 

First of all, with reference to Fig. 8(a), the design method of the sound wave guide 
structure in which the outlet opening 112 has a slit shape extending in the straight line shape 
will be described. 

Initially, positions of the outlets (outlet tl and outlet t5) at both ends of the outlet 
opening 112 are determined. The outlet opening 112 of the slit shape is defined along a 



15 



straight line SI connecting the outlet tl to the outlet t5. 

Then, a position of the outlet t3 is determined on a point that bisects the straight line 
SI connecting the outlet tl to the outlet t5. Then, a position of the outlet t2 is determined 
on a point that bisects a straight line connecting the outlet tl to the outlet t3. Then, a 
position of the outlet t4 is determined on a point that bisects a straight line connecting the 
outlet t3 to the outlet t5. In this manner, the five outlets tl, t2, t3, t4, and t5 are positioned at 
equal intervals on the straight line SI. 

Then, a position of the first branch point Dl is determined on an arbitrary point of a 
normal line n3 extending to pass through the outlet t3 and to cross the straight line SI at a 
right angle. 

Then, a position of the second branch point D2 is determined on an intersection at 
which a normal line n2 extending to pass through the outlet t2 and to cross the straight line 
SI at a right angle intersects a straight line connecting the branch point Dl to the outlet tl. 

Then, a position of the third branch point D3 (highest third branch point D3) is 
determined on a intersection at which a normal line nl2 extending to pass through a point 
that bisects a straight line connecting the outlet tl to the outlet t2 and to cross the straight line 
SI at a right angle intersects a straight line connecting the branch point D2 to the outlet tl. 
Likewise, a position of the third branch point D3 (second highest third branch point D3) is 
determined on a intersection at which a normal line n23 extending to pass through a point 
that bisects a straight line connecting the outlet t2 to the outlet t3 and to cross the straight line 
SI at a right angle intersects a straight line connecting the branch point D2 to the outlet t3. 

In the manner described above, four sound wave guide paths in a region above the 
normal line n3 in Fig. 8(a) are defined. The four sound wave guide paths are a first path 
extending in a straight line shape from the branch point Dl to the outlet tl, a second path 
extending in a straight line shape from the branch point Dl to the highest third branch point 
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D3 and bent at this branch point D3 to extend to the outlet t2, a third path extending from the 
branch pint Dl to the second branch point D2, bent at this branch point D2 to extend to the 
second highest third branch point D3, and bent at this branch point D3 to extend to the outlet 
t2, and a fourth path extending from the branch point Dl to the second branch point D2, bent 
at this branch point D2 to extend in a straight line shape to the outlet t3. The second path 
and the third path merge at the outlet t2. 

In the manner in which the four paths are defined in the region above the normal 
line n3, four paths are defined in a region below the normal line n3 in Fig. 8(a). 

In this manner, the sound passage space is designed to have eight sound wave guide 
paths having an equal path length . 

Since the outlet opening 112 has the slit shape extending in a straight line shape and 
the eight sound waveguide paths have an equal path length, the sound wave emitted from the 
outlet opening 112 has a wavefronXqf a straight line shape. 

Thus far, the design method of the sound wave guide structure in which the outlet 
opening 112 has the slit shape extending in the straight line shape has been described with 
reference to Fig. 8(a). 

Secondly, the design method of the sound wave guide structure in which the outlet 
opening 122 has the slit shape extending to be curved in the convex circular arc shape will be 
described with reference to Fig. 8(b). 

Initially, the outlet opening 122 of the convex circular arc shape is defined. The 
outlet opening 122 of Fig. 8(b) has a convex circular arc shape with a center angle of 15 
degrees. Then, positions of outlets (outlet tl and outlet t5) at both ends of the outlet 
opening 122 are determined. The outlet tl and the outlet t5 are coupled to each other by a 
circular arc S2. 

Then, a position of the outlet t3 is determined on a point that bisects the circular arc 
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S2 connecting the outlet tl to the outlet t5. Then, a position of the outlet t2 is determined 
on a point that bisects a circular arc connecting the outlet tl to the outlet t3. Then, a 
position of the outlet t4 is determined on a point that bisects a circular arc connecting the 
outlet t3 to the outlet t5. In this manner, the five outlets tl, t2, t3, t4, and t5 are positioned at 
equal intervals on the circular arc S2. 

Then, a position of the first branch point Dl is determined on an arbitrary point of a 
normal line n3 extending to pass through the outlet t3 and to cross the circular arc S2 at a 
right angle. 

Then, a position of the second branch point D2 is determined on an intersection at 
which a normal line n2 extending to pass through the outlet t2 and to cross the circular arc S2 
at a right angle intersects a straight line connecting the branch point Dl to the outlet tl. 

Then, a position of the third branch point D3 (highest third branch point D3) is 
determined on a intersection at which a normal line nl2 extending to pass through a point 
that bisects a circular arc connecting the outlet tl to the outlet t2 and to cross the circular arc 
S2 at a right angle intersects a straight line connecting the branch point D2 to the outlet tl. 
Likewise, a position of the third branch point D3 (second highest third branch point D3) is 
determined on a intersection at which a normal line n23 extending to pass through a point 
that bisects a circular arc connecting the outlet t2 to the outlet t3 and to cross the circular arc 
S2 at a right angle intersects a straight line connecting the branch point D2 to the outlet t3. 

In the manner described above, four sound wave guide paths in a region above the 
normal line n3 in Fig. 8(b) are defined. The four sound wave guide paths are a first path 
extending in a straight line shape from the branch point Dl to the outlet tl, a second path 
extending in a straight line shape from the branch point Dl to the highest third branch point 
D3 and bent at this branch point D3 to extend to the outlet t2, a third path extending from the 
branch point Dl to the second branch point D2, bent at this branch point D2 to extend to the 
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second highest third branch point D3, and bent at this branch point D3 to extend to the outlet 
t2, and a fourth path extending from the branch point Dl to the second branch point D2 and 
bent at this branch point D2 to extend in a straight line shape to the outlet t3. The second 
path and the third path merge at the outlet t2. 

In the manner in which the four paths are defined in the region above the normal 
line n3, four paths are defined in a region below the normal line n3 in Fig. 8(b). 

In this manner, the sound passage space is designed to have eight sound wave guide 
paths having an equal path length. 

Since the outlet opening 122 has the slit shape extending to be curved in the convex 
circular arc shape and the eight sound wave guide paths have an equal path length, the sound 
wave emitted from the outlet opening 122 has a wavefront of a convex circular arc shape 
similar to the shape of the outlet opening 122. 

Thus far, the design method of the sound wave guide structure in which the outlet 
opening 122 has the slit shape extending to be curved in the convex circular arc shape has 
been described with reference to Fig. 8(b). 

Thirdly, with reference to Fig. 8(c), the design method of the sound wave guide 
structure in which the outlet opening 132 has the slit shape extending to be curved in the 
concave circular arc shape will be described. 

Initially, the outlet opening 132 of the concave circular arc shape is defined. The 
outlet opening 132 of Fig. 8(c) has a concave circular arc shape with a center angle of 15 
degrees. Then, positions of outlets (outlet tl and outlet t5) at both ends of the outlet 
opening 132 are determined. The outlet tl and the outlet t5 are coupled to each other by a 
circular arc S3. 

Then, a position of the outlet t3 is determined on a point that bisects the circular arc 
S3 connecting the outlet tl to the outlet t5. Then, a position of the outlet t2 is determined 
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on a point that bisects a circular arc connecting the outlet tl to the outlet t3. Then, a 
position of the outlet t4 is determined on a point that bisects a circular arc connecting the 
outlet t3 to the outlet t5. In this manner, the five outlets tl, t2, t3, t4, and t5 are positioned at 
equal intervals on the circular arc S3. 

Then, a position of the first branch point Dl is determined on an arbitrary point of 
the normal line n3 extending to pass through the outlet t3 and to cross the circular arc S3 at a 
right angle. 

Then, a position of the second branch point D2 is determined on an intersection at 
which the normal line n2 extending to pass through the outlet t2 and to cross the circular arc 
S3 at a right angle intersects a straight line connecting the branch point Dl to the outlet tl. 

Then, a position of the third branch point D3 (highest third branch point D3) is 
determined on a intersection at which the normal line nl2 extending to pass through a point 
that bisects a circular arc connecting the outlet tl to the outlet t2 and to cross the circular arc 
S3 at a right angle intersects a straight line connecting the branch point D2 to the outlet tl. 
Likewise, a position of the third branch point D3 (second highest third branch point D3) is 
determined on a intersection at which the normal line n23 extending to pass through a point 
that bisects a circular arc connecting the outlet t2 to the outlet t3 and to cross the circular arc 
S3 at a right angle intersects a straight line connecting the branch point D2 to the outlet t3. 

In the manner described above, four sound wave guide paths in a region above the 
normal line n3 in Fig. 8(c) are defined. The four sound wave guide paths are a first path 
extending in a straight line shape from the branch point Dl to the outlet tl, a second path 
extending in a straight line shape from the branch point Dl to the highest third branch point 
D3 and bent at this branch point D3 to extend to the outlet t2, a third path extending from the 
branch point Dl to the second branch point D2, bent at this branch point D2 to extend to the 
second highest third branch point D3, and bent at this branch point D3 to extend to the outlet 
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t2, and a fourth path extending from the branch point Dl to the second branch point D2 and 
bent at this branch point D2 to extend in a straight line shape to the outlet t3. The second 
path and the third path merge at the outlet t2. 

In the manner in which the four paths are defined in the region above the normal 
line n3, four paths are defined in a region below the normal line n3 in Fig. 8(c). 

In this manner, the sound passage space is designed to have eight sound wave guide 
paths having an equal path length. 

Since the outlet opening 132 has the slit shape extending to be curved in the 
concave circular arc shape and the eight sound waveguide paths have an equal path length, 
the sound wave emitted from the outlet opening 132 has a wavefront of a concave circular 
arc shape similar to the shape of the outlet opening 132. 

Thus far, the design method of the sound wave guide structure in which the outlet 
opening 132 has the slit shape extending to be curved in the concave circular arc shape has 
been described with reference to Fig. 8(c). 

The sound passage space whose branch points are set according to the design 
method of Figs. 8(a) to 8(c) have paths extending from the inlet opening (in the vicinity of 
the branch point Dl in the example of Figs. 8(a) to 8(c)) to the outlet opening, which are 
shorter in length than those of sound passage space whose branch points are set at other 
locations. In other words, the design methods of Figs. 8(a) to 8(c) are to design the sound 
passage space so that the paths extending from the inlet opening to the outlet opening have a 
shortest length. 

Therefore, when the horn speaker in which the sound passage space designed 
according to this method is applied to the throat portion thereof is used in combination with 
another speaker, (for example, a woofer), a time lag with respect to the another speaker 
becomes minimum. In other words, the time lag can be corrected by using a delay device 
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or the like with a minimum correction time (e.g., delay time set in the delay device). 

Thus far, examples of the design method of the sound passage space have been 
described with reference to Figs. 8(a) to 8(c). 

Subsequently, an example of the design method of a shape of a path extending from 
one branch point to another branch point in a sound wave guide path considering a width of 
the path, will be described with reference to Figs. 9(a) to 9(c) and Figs. 13(a) and 13(b). 

Figs. 9(a) to 9(c) are longitudinal sectional views of throat portions 110 and 111 
having sound wave guide structures, corresponding to, for example, the longitudinal 
sectional view of the throat portion 10 of Fig. 3. 

The sound passage space of the throat portions 110 and 111 shown in Figs. 9(a) to 
9(c) basically have structures identical to that of Fig. 8(b). Therefore, outlet openings 142 
and 143 have slit shapes extending to be curved in a convex circular arc shape. 

Fig. 9(a) shows the longitudinal section of the throat portion 110. In Fig. 9(a), a 
dashed line indicates center lines of the sound wave guide paths. The center lines are 
designed according to a method similar to that described with reference to Fig. 8(b). The 
sound wave guide paths having a predetermined width around the center lines are formed in 
the throat portion 110. For easier understanding of problems, the widths of the paths are 
illustrated as enlarged in Figs. 9(a) to 9(c). 

The sound wave is transmitted through the respective path extending from the 
branch point Dl to the outlets tl, t2, t3, t4, and t5. The path lengths of these paths are 

defined along the center lines indicated by the dashed lines. It may be assumed that a time 

i 

period required for the sound wave to be transmitted from the branch point Dl to the outlets 
tl, t2, t3, t4, and t5 is equal to a time period obtained by dividing the path length by a sound 
speed. In the throat portion 110 of Fig. 9(a), the sound wave is transmitted from the branch 
point Dl to outlets tl, t2, t3, t4, and t5 through the paths in the same time period. 



22 



In the throat portion 110 of Fig. 9(a), two paths extend from the branch point Dl to 
the branch points D2, and four paths extend from the branch points D2 to the branch points 
D3. The paths extending from the branch point Dl to the branch points D2 have a constant 
width and the paths extending from the branch points D2 to the branch points D3 have a 
constant width. In addition, the paths extending from the branch point Dl to the branch 
points D2 are equal in width to the paths extending from the branch points D2 to the branch 
points D3. So, a sum of the widths of the paths extending from the branch points D2 to the 
branch points D3 is twice as large as a sum of the widths of the paths extending from the 
branch point Dl to the branch points D2. In other words, the sum of the widths rapidly 
increases at the branch points D2. This means that smooth transmission of the sound wave 
may be impeded at the branch points D2. Such a problem arises at the branch points D3. 

In the throat portion 111 of Fig. 9(b), the problem has been solved. The shape of 
the dashed line of Fig. 9(b) is identicalto the shape of the dashed line in Fig. 9(a). In the 
throat portion 111 of Fig. 9(b), each of the branch points Dl, D2, and D3 on these dashed 
lines conforms to an intersection of side walls of the paths extending in two directions from 
the corresponding branch point. Thereby, the problem that the sum of the widths of the 
paths rapidly increases at the branch points D2 and D3 has been solved. As can be seen 
from Fig. 9(b), the sum of the widths of the paths gradually increases in a range from the 
branch point Dl to the branch points D2, and the sum of the widths of the paths gradually 
increases in a range from the branch points D2 to the branch points D3. So, the sum of the 
widths of the paths does not rapidly increase at the branch points D2. The same applies to 
the branch points D3. Therefore, it is expected that in the throat portion 111 of Fig. 9(b), 
the sound wave is transmitted smoothly at the branch points D2 and D3. 

As described above, it may be assumed that the time period required for the sound 
wave to be transmitted from the branch point Dl to the outlets tl, t2, t3, t4, and t5 is equal to 
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a time period obtained by dividing the path length by a sound speed. 

The throat portion 111 of Fig. 9(c) is identical to the throat portion 111 of Fig. 9(b). 
The two-dotted lines of Fig. 9(c) indicate center lines of the paths of the throat portion 111. 
The two-dotted lines of Fig. 9(c) pass through middle points in the width direction of the 
paths just after the branch points Dl, D2, and D3. So, it may be assumed that the length of 
each of the paths extending from the branch point Dl to the outlets tl, t2, t3, t4, and t5 is 
defined along the two-dotted line, i.e., the length defined along the line passing through the 
middle point in the width direction of each path just after the branch points Dl, D2, and D3. 
Assuming that the sound wave is transmitted along the two-dotted lines, the time required for 
the sound wave to be transmitted from the branch point Dl to the outlets tl, t2, t3, t4, and t5 
is estimated. In the throat portion 111 of Fig. 9(c), for example, the length of the two-dotted 
line extending from the branch point Dl to the outlet t3 is shorter than the length of the 
two-dotted line extending from the branch point Dl to the outlet tl. Thus, in the throat 
portion 111 of Fig. 9(c), the paths have different lengths. As a result, the wavefront of the 
sound wave emitted from the outlet opening 143 does not conform in shape to the convex 
circular arc of the outlet opening 143. In order to cause the wavefront of the sound wave 
emitted from the outlet opening 143 to conform in shape to the convex circular arc of the 
outlet opening 143, it is necessary to alter the configurations of the sound passage space of 
Figs. 9(b) and 9(c) in some degree. 

Figs. 10(a) and 10(b) are schematic views of sound passage space for explaining 
alternations. The sound wave guide structures of Figs. 10(a) and 10(b) are provided with 
outlet openings having slit shapes extending to be curved in a convex circular arc shape as 
shown in Fig. 8(b). 

The sound wave guide structure of Fig. 10(a) includes paths configured to extend in 
a straight line shape from a branch point to another branch point. The branch point Dl and 
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the outlets tl, t2, t3, t4, and t5 of Fig. 10(a) are arranged at the same positions as those of the 
branch point Dl, and the outlets tl, t2, t3, t4, and t5 of Fig. 8(b). The branch points D2 and 
D3 of Fig. 10(a) are arranged at positions different from those of the branch points D2 and 
D3 of Fig. 8(b). More specifically, the branch points D2 and D3 of Fig. 10(a) are located 
outward relative to those of the sound wave guide structure of Fig. 8(b). By applying the 
design method of the path described with reference to Fig. 9(b) to the shape of the sound 
wave guide structure of Fig. 10(a), the paths extending from the branch points Dl to the 
outlets tl, t2, t3, t4, and t5 are caused to have an equal path length. In other words, it is 
possible to design the throat portion so that the wavefront of the sound wave emitted from 
the outlet opening conforms in shape to the convex circular arc of the outlet opening and the 
sound wave is transmitted smoothly at the respective branch points. 

In the sound wave guide structure of Fig. 10(b), all of paths extending from a 
branch point to the next branch point do not extend in a straight line shape, but some of . them 
extend in a curved line shape. More specifically, the paths extend in a straight line shape 
from the branch point Dl to the branch points D2. The paths extend in a straight line shape 
from the higher second branch point D2 to the highest third branch point D3 and from the 
lower second branch point D2 to the lowest third branch point D3. The paths extend in a 
curved line shape (S shape) from the higher second branch point D2 to the second highest 
third branch point D3 and from the lower branch point D2 to the second lowest third branch 
point D3. The paths extend in a straight line shape from the highest third point D3 to the 
outlet tl, from the second highest third branch point D3 to the outlet t3, from the second 
lowest third branch point D3 to the outlet t3, and from the lowest third branch point D3 to the 
outlet t5. The paths extend in a curved line shape (S shape) from the highest third branch 
point D3 to the outlet t2, from the second highest third branch point D3 to the outlet t2, from 
the second lowest third branch point D3 to the outlet t4, and from the lowest third branch 
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point D3 to the outlet t4. The branch points Dl, D2, and D3, and the outlets tl, t2, t3, t4, 
and t5 in Fig. 10(b) are arranged at the same positions as those of the branch points Dl, D2, 
and D3, and the outlets tl, t2, t3, t4, and t5 in Fig. 8(b). By applying the design method of 
the path described with reference to Fig. 9(b) to the shape of the sound wave guide structure 
of Fig. 10(a), the paths extending from the branch point Dl to the outlets tl, t2, t3, t4, and t5 
are caused to have an equal path length. In other words, it is possible to design the throat 
portion so that the wavefront of the sound wave emitted from the outlet opening conforms in 
shape to the convex circular arc of the outlet opening and the sound wave is transmitted 
smoothly at the respective branch points. 

As can be seen from comparison between Fig. 10(a) and 10(b), the sound passage 
space of Fig. 10(a) is configured such that the paths are bent sharply at some points. For 
example, in the structure of the sound passage space of Fig. 10(a), the paths are bent sharply 
at the branch points D2, whereas in the structure of thesound passage, space of Fig. 10(b), the 
paths do not include sharply bent points. For this reason, in the structure of Fig. 10(b), 
unwanted reflection of sound wave is less likely to occur. In other words, energy loss is 
less in the structure of Fig. 10(b). 

Fig. 11 is a longitudinal sectional view of the horn speaker 100. The horn speaker 
100 of Fig. 11 is expressed in the same manner as that of the horn speaker 1 of Fig. 3. Fig. 
12 is a longitudinal sectional view of the horn speaker 100, as seen from obliquely 
downward. The horn speaker 100 of Fig. 12 is expressed in the same manner as that of the 
horn speaker 1 of Fig. 2. 

The horn speaker 100 of Figs. 11 and 12 has a sound passage space structure 
designed so that a part of the paths extend in a curved line shape (S shape) so as not to 
include sharply bent points as shown in Fig. 10(b) and the paths have a substantially equal 
path length. 
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A broken line L102 of Fig. 11 schematically shows the wavefront of the sound 
wave that has been just emitted from the outlet opening of the slit shape extending to be 
curved in a convex circular arc shape. The shape of a wavefront LI 02 is convex circular 
arc, similar to the shape of the outlet opening. 

Fig. 13(a) and 13(b) are views each showing one side of a longitudinal section of 
the sound passage space of the horn speaker 100 of Figs. 11 and 12. Fig. 13(a) is a view as 
seen from obliquely downward and Fig. 13(b) is a view as seen from downward. The 
sound passage space is formed as a space in a throat portion or the like of a horn speaker, but 
is illustrated as a solid model in Figs. 13(a) and 13(b). 

As can be seen from Figs. 13(a) and 13(b), the sound passage space is configured 
such that the path has a largest height at the second branch points D2. Its height gradually 
decreases from the branch points D2 to an inlet opening 151. In addition, its height 
gradually decreases from the branch points D2 to an outlet opening 152. 

The sound passage space is thus configured to have the largest height at the branch 
points D2, in order to decrease the width of the paths at these points (branch points) D2. 
This is because, if the sound passage space has a extremely wide region, interference at a 
high frequency increases in the region, causing a large energy loss. This is noticeable when 
the width of the path becomes large at a path direction change point, such as the branch 
points. 

If the height is substantially constant from the inlet opening to the outlet opening in 
the paths of the horn speaker 100, then the width of the paths at the branch points D2 
becomes too large. For this reason, as shown in Figs. 13(a) and 13(b), the path is 
configured to have the largest height at the branch points D2. 

In an intermediate region between the inlet opening 151 (in the vicinity of the 
branch point Dl in the example of Fig. 13) and the outlet opening 152 of the sound passage 
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space, branch points for causing the direction of the paths are formed. The sound passage 
space is desirably configured to have the largest height in the intermediate region between 
the inlet opening 151 and the outlet opening 152 of the sound passage space, although the 
branch points are merely exemplary. 

Fig. 14 is a view showing a characteristic obtained by measuring directivities of 
three adjacent horn speakers with a directivity angle of 20 degrees according to the present 
invention. In this view, a radial axis indicates a sound pressure level. In this measurement, 
the three horn speakers are arranged in different orientations by 20 degrees. Specifically, 
one of the three horn speakers is placed to face directly forward (0 degree direction) and the 
other two are placed to face orientations of - 20 degrees and 20 degrees. A measurement 
signal is a noise signal having a 5000Hz center frequency and a frequency component with a 
1/3 octave width. An identical signal is supplied to the three horn speakers. 

In Fig. 14, a broken line indicates a characteristic curved line obtained by _ 
independently driving the horn speaker placed to face directly forward. A dashed line 
indicates a characteristic curved line obtained by independently driving the horn speaker 
placed to face the orientation of - 20 degrees and a two-dotted line indicates a characteristic 
curved line obtained by independently driving the horn speaker placed to face the orientation 
of 20 degrees. A solid line indicates a characteristic curved line obtained by driving these 
three horn speakers together. 

As can be seem from Fig. 14, the characteristic curved line indicated by the solid 
line shows a substantially even sound pressure distribution (sound pressure distribution in 
which a decrease in a sound pressure with respect to a sound pressure in a directly forward 
direction is within 6dB) in an angular range of about 60 degrees with respect to the directly 
forward direction. In the characteristic curved line indicated by the solid line, no valley is 
recognized in directions (specifically, direction of about - 10 degrees and direction of about 
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10 degrees) that become boundaries of angular ranges covered by the respective horn 
speakers 100. 

This means that the sound wave is emitted in substantially isophase over a 
substantially entire range of the outlet openings of the respective horn speakers, i.e., the 
wavefront of the convex circular arc shape that is substantially identical to that of the outlet 
openings is formed. 

Numerous modifications and alternative embodiments of the invention will be 
apparent to those skilled in the art in view of the foregoing description. Accordingly, the 
description is to be construed as illustrative only, and is provided for the purpose of teaching 
those skilled in the art the best mode of carrying out the invention. The details of the 
structure and/or function may be varied substantially without departing from the spirit of the 
invention. 

[Industrial Applicability] 

A sound wave guide structure for a speaker system and a horn speaker of the 
present invention are capable of controlling a wavefront of a sound wave emitted therefrom 
as desired and correctly using a simple structure, and hence is advantageous in technical 
fields of acoustic equipment. 



